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Abstract 
Allergic rhinitis (AR) as other allergic diseases (AD), e.g; asthma, eczema and food allergy, is common in 
children. Characteristic symptoms of AR may result in daytime inattention, irritability, and hyperactivity, which 
are also components of Attention Deficit Hyperactivity Disorder (ADHD). Conflicting data in previous studies 
exist regarding the relationship between ADHD and AD. The aim of this study was to examine the prevalence 
and risk of AR and self- reported allergic diseases in doctor- diagnosed ADHD pediatric patients.   
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We conducted a case- control study, where 78 patients and 103 non-ADHD controls were included. Skin prick 
test to common aeroallergens was done to all participant as a test for the presence of allergic rhinitis disease 
besides self- report questionnaires were distributed among them where they self-reported the presence of AD. 
The results shows that the prevalence of any positive skin prick test (SPT) in ADHD patients was higher than in 
the control group, at 25.6 % and 13.6%, respectively (p = 0.04).Whilst the frequency of self-reported allergic 
rhinitis was 3.6 times higher in the ADHD patients than among the non-ADHD controls (p = 0.004). The 
prevalence of any self- reported atopic disease was similar among the groups (≈ 49%, p< 0.05), The factors that 
best predict the presence of ADHD disease were positive skin prick test, self-reports of allergic rhinitis and 
family reports of asthma ( p< 0.05). As a conclusion; This study has provided the first population-based case-
control study of the prevalence of allergic rhinitis and self- reported AD among pediatric patients with ADHD in 
Jordan. According to our findings, the rates of any positive skin prick test to aero- allergens and allergic rhinitis 
in ADHD children are greater compared to healthy cohort. Therefore, assessment of allergic diseases may be 
beneficial in children diagnosed with ADHD. 
Keywords: Attention Deficit Hyperactivity Disorder; Allergic rhinitis; Allergic Disease; Skin Prick Test. 
1. Introduction 
Despite significant advances in disease prevention and treatment during the last few decades, there has been a 
significant increase in the prevalence of eczema, asthma, and rhinitis worldwide [1], as well as in Jordan [2].The 
development of allergic disease (AD) depends on a complex interaction between genetic and several 
environmental factors, such as environmental exposure to food and inhalant allergens, and nonspecific adjuvant 
factors, e.g., air pollution and tobacco smoke [3].Evidence reported in the extant literature indicates that 
comorbidity of eczema, asthma, and rhinitis is not limited to allergic diseases. Some authors posit that, owing to 
ADs, affected individuals and their families can experience significant problems in everyday life. Moreover, the 
treatment of these conditions and associated ailments constitutes a significant economic burden and represents a 
major public health concern, with significant implications on adult health[4, 5]. Patients affected by ADs 
frequently experience high levels of social stress and anxiety [6, 7]. For example, many individuals suffering 
from eczema feel stigmatized because of itchy lesions on visible sites [8] and have sleeping problems in early 
life [9]. 
Attention Deficit Hyperactivity Disorder (ADHD) is the most common behavioral disorder in children and 
adolescents [10], and is typically diagnosed at (pre-) school age. Although the ADHD worldwide prevalence rate 
is around 5%[10],it is slightly higher in Jordan (6.24%),with a male to female ratio of 2.4:1[11]. The condition 
typically manifests as difficulties with retaining attention, as well as impulsivity and hyperactivity [12]. ADHD 
is a genetically complex disorder. However, many authors point towards a strong interaction between genetic 
makeup and the environmental factors [13]. 
As ADHD is associated with sleeping problems, disruption in family communication, impaired social 
functioning, and sub optimal school performance, it results in a significantly diminished quality of life [14, 
15].The prevalence of ADHD is increasing worldwide, and there is growing body of evidence linking it to the 
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increase in prevalence of ADs (i.e., eczema, asthma, allergic rhinitis and food allergy).Several studies have 
demonstrated the link between mental health problems, including ADHD, and common atopy [16, 17]. 
The causal association between ADHD and allergies has been a matter of debate for quite a long time[18-
20].Aiming to test this hypothesis, several authors have investigated the co-existence of atopy and ADHD, 
failing to identify a significant relationship [21, 22]. On the other hand, in some recently published studies, a 
significant link between the presence of allergic diseases—such as eczema, allergic rhinitis and asthma—and 
ADHD was established [23-26]. While some children affected by ADHD exhibit more pronounced symptoms 
after consuming certain foods, artificial colors or a sodium benzoate preservative[27], or after pollen exposure 
[28], it is likely that this reaction is due to their hypersensitivity. A better understanding of the relationship 
between AD prevalence and the development of ADHD is of significant public health relevance, as it may lead 
to the development of targeted treatments and improved preventive measures. This would greatly benefit 
children diagnosed with AD, who are at an increased risk of developing ADHD. 
The purpose of this study was to determine the prevalence of allergic rhinitis—indicated by at least one positive 
skin reaction to any aeroallergen tested—and self- reported ADs that are associated with physician-diagnosed 
ADHD. 
2. Patients and Methods 
2.1. Study Design and Ethical Considerations 
This case-control study was conducted between October 2013 and June 2014 at Al-karak Governate Hospital, 
Al-karak, Jordan. The study participants included 78children aged 2.5 to 16 years, all of whom had pediatrician-
diagnosed ADHD and met Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria for 
ADHD [29]. In addition, 103 non-ADHD children (2.5-14 years old),recruited within 9 months from dental, 
ophthalmic and ENT outpatient clinics, formed the control group. Children with psychotic disorders, 
schizophrenia or pervasive developmental disorder were excluded from this study. The study protocol was 
approved by the Ethics Committee on the medical faculty of Mutah University prior to commencing the 
research. 
Once the informed consent was obtained from the parents (or the study participants, where age-appropriate), 
both the treatment and the control group members were asked to complete a self-report questionnaire. The items 
included aimed to gather the demographic data and home environmental characteristics of the subjects, as well 
as personal and family history of eczema, asthma, allergic rhinitis and food allergy. Subsequently, the skin prick 
tests were performed on all patients, using the standardized aeroallergen extracts from a commercial test kit 
(Stallergenes, France), in accordance with published guidelines [30]. As some of the standardized allergen 
extracts were mixtures, approximately25 allergens were tested in this study. SPTs for common allergens were 
used. More specifically, we tested for Dermatophagoidespteronyssinus (Dp) and Dermatophagoidesfarinae (Df) 
house dust mite, as well as olive, cat dander, dog dander, compositae, wall pellitory, salsola kali, 4 cereals, 12 
grasses, and mould, along with positive control (histamine) and negative control (vehicle). The allergens used in 
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this study were chosen according to the common regional plant species [31]. The patients had not taken any 
antihistaminic drugs within ten days prior to skin testing, as recommended prior to and verified on the day of 
testing. 
2.2. Statistical Analysis 
Parametric analysis was performed as the data was normally distributed. Mean and standard deviation were 
calculated, in addition, Chi-square and Fisher's Exact test were performed for prevalence comparisons. Multi-
logistic regressions were used to calculate Adjusted Odds Ratio (AOR), and 95% confidence intervals (95% CI) 
to assess the relationship between risk factors and ADHD disease, including the potential confounders. A p-
value < 0.05 was considered statistically significant. All the analyses were performed using SPSS software 
version 16.0 (SPSS Inc., Chicago, IL, USA). 
3. Results 
3.1. Characteristics of the Study Population 
The study participants included 78 ADHD and 103 non-ADHD control subjects, with the latter recruited from a 
dental, ophthalmic and ENT outpatient clinics.The characteristics of the study population are summarized in 
Table 1. As can be seen, while the mean age of the entire study sample was 6.83 ± 3.52 years, it was slightly 
lower for the ADHD group (6.54±3.23 years), which comprised56males, 22 females, with7.25±3.9 years 
measured for the control group (59 males, 44 females). 
Males were more prevalent (63.5%) in the entire sample, and this gender disparity was even more pronounced in 
the ADHD group (71.8%), compared to57.3% in non-ADHD controls. However, this is to be expected as 
empirical evidence indicates that the ADHD disease is more prevalent among males (p< 0.05).The mean birth 
weight for the entire study sample was 3.05kg, with little difference between ADHD patients and the controls. 
Moreover, 70.7% of the participating children were breastfed exclusively for 4 months, with this percentage 
being somewhat higher (78.2%) among the ADHD children, compared to those in the control group (65%) (p> 
0.05). The analysis of the questionnaire responses pertaining to the allergic symptoms indicated that  
The personal and family history of self-reported asthma and personal history of allergic rhinitis were 
significantly higher in the ADHD group compared to the non-ADHD controls (p< 0.05). On the other hand, 
while the prevalence of other allergic diseases—as indicated by the personal and family history of eczema and 
food allergy and family history of allergic rhinitis—was higher in non-ADHD controls, the difference was not 
statistically significant. 
3.2. Prevalence of Skin Prick test and allergic diseases in ADHD Patients and non- ADHD Controls 
The percentages of positive skin test, self-reports of at least one atopic disease and the incidence of both were 
analyzed in ADHD and non- ADHD groups and presented in Figure 1. In the ADHD group, 20 patients (25.6%) 
had at least one positive skin test, compared to14 (13.6%) in the control group. This difference was statistically 
significant (p =0.04).  
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Table 1: The key characteristics of the study population. 
P-value 
Total 
N=181 
Non-ADHD Controls 
N=103 
ADHD Cases 
N=78 
Characteristics 
0.220** 6.83(3.52) 6.54(3.23) 7.25(3.9) Age (year) mean±(SD) 
0.824** 3.046(0.58) 3.0(0.48) 3.1(0.69) 
Birth weight (kg) 
mean±(SD) 
0.045*† 
 
115(63.5%) 
66(36.5%) 
 
59(57.3%) 
44(42.7%) 
 
56(71.8%) 
22(28.2%) 
Sex, no (%) 
Male 
Female 
0.54* 128 (70.7%) 67(65%) 61(78.2%) Breast feeding, no (%) 
    Personal history of 
0.031*† 9 (5%) 2(1.9%) 7(8.9%) Asthma, no (%) 
0.042*† 53(29.3%) 24(23.3%) 29(37.2%) Allergic Rhinitis, no (%) 
0.8* 34(18.8%) 20(19.4%) 14(17.9%) Eczema, no (%) 
0.3* 24(13.3%) 16(15.5%) 8(10.3%) Food allergy, no (%) 
    Family history of 
0.021*† 12(6.6%) 3(2.9%) 9(11.5%) Asthma, no (%) 
0.59* 76(42%) 45(43.7%) 31(39.7%) Allergic Rhinitis, no (%) 
0.8* 34(18.8%) 20(19.4%) 14(17.9%) Eczema, no (%) 
0.44* 25(13.8%) 16(15.5%) 9(11.5%) Food Allergy, no (%) 
*Chi-square. **t-test. †P-value < 0.05 
While the self-reports of at least one atopic disease in ADHD patients was 48.7% and 48.5% in non- ADHD 
controls, the percentages were similar  and did not reflect the significant difference in the prevalence of positive 
skin prick tests between both groups. 
The percentage of individuals who reported atopic disease and showed a positive skin prick test was 12.8% in 
ADHD group and 9.7% in non- ADHD group, the difference was insignificant. 
3.3. Frequency of positive skin prick test by aeroallergen types 
The relative frequency of the sensitizing allergens in the ADHD and non- ADHD groups by allergen types was 
analyzed and the results were presented in Figure 2. As can be seen; olive pollens produced reaction in 14.1% 
ADHD children, Df and Dp resulted in 10.3% followed by cat dander and 4 cereals (8.9%). Whereas, in non- 
ADHD controls; mould, olive pollens and cat dander represent the most sensitizing agents (4.9%) and the 
second most are Df, Dp, salsola kali, and wall pellitory (3.4%).  The ADHD cases were more likely to have 
positive skin prick tests to olive pollens than the non-ADHD controls (p< 0.05). The incidence of two or more 
positive skin prick test among the  total was more in the ADHD group (21.8%)  than non- ADHD group (9.7%), 
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the difference was insignificant.  
  
Figure 1: Prevalence of positive skin prick test, self-reports of at least one atopic disease and both in ADHD 
patients and non- ADHD controls. (Total no. = 78 for ADHD, 103 for Non- ADHD). 
 †P-value < 0.05. P-value by  Chi-square.  AD= Atopic Disease. 
 
Figure 2: The percentages of the positive skin prick tests for the most common sensitizing allergens in ADHD 
and non-ADHD groups. (Total no. = 78 for ADHD, 103 for Non- ADHD).  
 †P-value < 0.05. * P-value by Chi-square, **P-value by Fisher's Exact Test. (Dp)= 
Dermatophagoidespteronyssinus. (Df)= Dermatophagoides 
3.4. The Factors that are Associated with the ADHD Disease 
To identify the characteristics that best predict the presence of ADHD disease within the target population, a 
stepwise multiple logistic regressions with backward entry of each type of personal or family history of AD 
12.80% 
48.70% 
25.60% 
9.70% 
48.50% 
13.60% 
Both atopic and have ADSelf- reported  ADPositive skin prick test† 
ADHD patients Non- ADHD controls
0
5
10
15
20
25
ADHD patients Non- ADHD controls
207 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2015) Volume 20, No  2, pp 202-214 
 
(asthma, eczema, allergic rhinitis and food allergy), sex, birth weight and breastfeeding as independent 
variables, with health status (ADHD or non-ADHD) as the dependent variable (Table 3), was used. The findings 
the aforementioned analyses yielded indicate that, among the ADHD children, the rate of allergic sensitization is 
about 2.4 times higher compared to the non-ADHD controls, while the rates for self-reports of allergic rhinitis 
and family reports of asthma and allergic rhinitis are about 2.7-4.6 times higher. 
Table 2: Adjusted odds ratios of allergic sensitization and allergic diseases in the ADHD and the control group 
 
Variables 
 
AOR* 
(95% CI) 
 
P-value 
 
    Chi 
   square 
Allergic sensitization 2.44 
(1.05-5.66) 
0.038† 4.324 
Personal history of 
allergic rhinitis 
3.6 
(1.5-8.47) 
0.004† 8.318 
Family history of asthma 4.61 
(1.1-19.6) 
0.037† 4.342 
           *(Adjusted odds ratios with 95%confidence intervals) (n = 181), †P-value < 0.05 
 
4. Discussion 
The purpose of this study was to investigate the possible relationship between atopy, atopic diseases and ADHD. 
The male-to-female ratio among the study participants was 1.7:1. The gender distribution in the ADHD group 
was in line with the extant evidence, suggesting that the prevalence of physician-diagnosed ADHD is higher in 
boys than in girls, and this difference was statistically significant [32].  
For the purpose of this study, we asked for self- reported atopic diseases as eczema, asthma,  allergic rhinitis, 
and food allergy besides doing skin prick test to all participant. The results showed that the ADHD cases were 
more likely to have positive skin prick tests than the non-ADHD controls (p< 0.05). Whereas the prevalence of 
at least one self- reported atopic disease was similar between ADHD and non- ADHD groups. In addition, nearly 
quarter to one fifth of the individuals with atopic disease had positive skin test in ADHD and non- ADHD 
groups, respectively. The reasons behind this incongruence between the perceived atopic disease and the 
positive skin prick test may be due to the fact that not all individuals reported these diseases are truly atopic, i.e. 
have specific IgE antibodies against environmental allergens [33] or even are truly aware of the atopic diseases 
208 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2015) Volume 20, No  2, pp 202-214 
 
symptoms. 
In our study, most children with positive skin prick test were reactive to 2 or more allergens. Similar findings 
were also obtained from a study in Jordan[2]. Poly-sensitization is very common and might be the result of 
genetic factors or factors related to the allergen such as cross-reactivity between the aero- allergens epitopes.  
The most common allergens causing sensitization in both groups were olive pollens, Df, Dp and cat dander. This 
result is in agreement with the findings from a previous study on allergic sensitization of allergic rhinitis patients 
from Jordan, where olive tree pollens were the most common allergens in this group of patients (all seasonal). 
Cat allergen was the most common perennial allergen, followed by dust mite. These findings could be attributed 
to multiple factors, including the fact that olive trees are widely cultivated all over Jordan for ornamental and 
business purposes[2],while dust mite is a common aeroallergen worldwide [34].In addition, as cats can be found 
in almost every area of Jordan, it is known that cat allergy can be a major problem even for individuals that do 
not own them[35]. Finally, according to our findings, no significant difference in the rate of sensitization to any 
allergen exists between the ADHD and the control group. 
Currently available research data concerning the causal association between ADHD and allergies are conflicting 
[36]. The findings yielded by our study indicate that the allergic sensitization and allergic rhinitis are important 
risk factors for the development of the ADHD, with the affected individuals being 2.4 times more likely to have 
been sensitized to aeroallergen and 3.6 times more likely to report allergic rhinitis than are the members of the 
non-ADHD control group. This result is in line with the findings reported by Suwan et al., indicating that most 
patients with ADHD had allergic rhinitis symptoms and positive skin prick test results to common 
aeroallergens[37].This highlights that assessment of atopy to aero-allergens may be beneficial to children 
diagnosed with atopic disease who are at increased risk to develop ADHD and it may lead to target treatment 
and improve low cost preventive measures which would be of public health relevance especially in poor country 
as Jordan.   
Furthermore, ADHD patients were 4.6 times more likely to have family history of asthma than non-ADHD 
controls, which may be due to the familial association of atopy[38], prevalent in ADHD patients. 
The link between other factors examined in this study, such as breastfeeding and birth weight is still 
controversial [39, 40] and was not established in our study. 
The results reported in this work provide strong support for the hypothesized relationship between atopy and 
atopic diseases in childhood and ADHD [20]. Nonetheless, whether allergic sensitization may affect the 
development of ADHD later in life remains unclear. One hypothesis is that the increased levels of pro-
inflammatory cytokines and mediators released during the atopic response may pass the blood brain barrier [41] 
activate neuro-immune mechanisms that involve behaviorally and emotionally relevant circuits [42].According 
to another hypothesis, the prefrontal cortex that is known to subserve executive cognitive functions such as 
planned behavior, decision making, motivation and attention may be affected by the pro- inflammatory 
mediators [43]. Aside this neuro-immunologic pathway, other mechanisms such as stress may be involved. The 
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misery of living with atopic disease during early infancy is associated with high levels of sleep disturbances that 
may lead to long-term alterations of the behavioral and physiological repertoire in children increasing their 
vulnerability to psychopathological conditions [44]. 
It may also be speculated that treatment of atopic disease with oral corticosteroids may pharmacologically 
induce ADHD symptoms [45]. The underlying pathophysiological mechanisms of this finding are unclear. 
4.1. Strengths and Limitations of the Study 
The strength of this study is that it is the first attempt to establish an association between ADHD and atopy in 
Jordan. Based on Diagnostic and Statistical Manual of Mental Disorders, criteria, all children in the ADHD 
group were diagnosed by developmental and behavioral pediatricians. Moreover, all study participants were 
tested by the skin prick tests to confirm presence of atopy. This is an improvement with respect to most of the 
extant studies, which used inadequate criteria to define atopy and ADHD, as these were usually self-reported by 
the participants’ parents or based on secondary data from routine practice, rather than validated diagnostic 
criteria [25, 46]. Furthermore, findings of several cross-sectional studies indicate that the highest ADHD-
associated incremental costs are incurred in mental health services and pharmaceutical therapy. Thus, this study 
provides cost-efficient and convenient survey method, enabling us to gain a better understanding of the 
relationship between atopic diseases and the development of ADHD. The aim is to assist in the development of 
targeted treatments and improvements in the preventive measures for children that are at an increased risk of 
developing ADHD. 
As any other study, this work is also subject to some limitations, most notably the fact that the children included 
in the control group were not randomly selected. However, the prevalence of allergic diseases in the control 
group is likely to be similar to that in the Jordanian general population[2]. Moreover, the data utilized in the 
analyses was obtained through a questionnaire-based survey, which carries a potential to introduce subjectivity 
to the data, as all information is provided from the perspective of the participant/parent. Reliance on self-reports 
of allergic diseases can lead to problems arising from variability in the perception of symptoms and memory 
bias. Thus, in future studies, it would be highly beneficial to recruit all study participants from multiple sites and 
populations and include a more reliable measure of their AD symptoms. 
5. Conclusion 
This case control study was the first attempt to analyze the relationship allergic rhinitis and self- reported atopic 
diseases might have with physician- diagnosed ADHD disease. In most of the children diagnosed with ADHD, 
there was a higher presence of any positive skin prick test and allergic rhinitis than other non- ADHD controls. 
Thus, we posit that greater awareness of these comorbidities may help clinicians to provide better 
comprehensive management and reduce the burden of the disease both on the affected families and the society 
as a whole. 
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